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COM?LfeTB SfECiMCATldN 

MAAWiNGS ATTAeHEi) 

Inipr&i^eiiEiisttts id or delating to kptoir filadinjs of Fidia M:icliihi^ tor &^ple, 
of Compressors ^nd Turbines of Gas Tiirbihe fengihes 

. We. kbixs-,RoYCB . LninTEp, i British the. form of a filtii over the portions of the 
Coinpany, of. Ni^tingale Ro^d; Derby, jn siijface^ between g(ck>v^ and the trailing 4S 
the County of i>erby, do hereby declare the edge of the main portion, 
invention^ ijif.wW^ we pr^y that 4 patent The rotor blade of this invention has to 
S may^Se jgranted to uis; and the method by important tisc» in turbine rotors, of gds tnr- 
which it is. to jbe performed, to be: partial- bint?, engines in whiUi a toolant fbr the 
' i^rly described in and by the following blad^. is f^ to the passage therein. . 50 
sts^ment:— . Ac^tdiiig to a .preferred feattre this 

This inveotibn .comcrises improvements in invention, some of die lands between the 
10 or relating to rotbr blading .of fluid mach- gtoove^ are cbntinuous around .the lieadiiig 
ines, for. example of turbines or compres- edge to t)i'ovide loc&ting projections for the 
sors subh as are employed in gas turbine nose .pbrtioh bf .the siirouit and die passage 5S 
engines. . outlets oped at the -leading edge In fiats 

According to the pteseht invention, a cxtendidg lengthwise between the projec- 
15 rotor blade for a:fiuid machine coinprises tions; 

a inain .portion .which in use projecte iritb . According to another preferred feature Of 
the workidg fluid stream of die machine, the ihvenifon, the side pottioiis Of the i^hrOtid 60 
and a shroud along the leading edge of the are ^ghtl^ corrugated sd as to fit shii^;^ 
main portion, die iu'din ^rtioii having an on thb lands and to project sliglitly into the 
20 iiiterrial, lengthwise passage to Which a flhid grooves. ^ 

is fed in use of the blade, and having in This iaventioii aBO eoinprises a fluid ^ 
each of its surfaces wliich Extend firoiri the machine; fdr example an axial-floti^ ttirSIhe 6$ 
leadmg edge to the trailing edge, a multi- having a ri>ibr comprisihg. a ring of bladc^ 
pilicity of lengthwise-spaced grooves, each as above set fbrih, the nislchine being adat>ted 
25 groove .extending generally chdrdwise &oin to permit a flbw 6f flUid^ to tUe passages 
the leading edge part way towards die trail- in the Slade^ fOr instahee a flow of a 
ing edge and being set)drated £rOm eaeh coblant in t&e c^ Of tdrbine rotor. 7(> 
adjacent groove "by -a land, of metal, and One . consthictidn of blade aaSirdirig "to 
the main {Kirtion further having OUdets from this.ihvehtion will now be described .widi 
30 the Internal passage openiiig at the leading refer ^ii^ to die drawihgs accompanying the 
edge of the main portion, and the shroud Prdvikioiial Specificatiipn in whith:— 
comprismg k nose portion ektendiiig arouhd Figure 1 is a side elevation of the blade 75 
the leading .edge of the. inahi portkm in Figtire 2 is a section on the tine 2-2 of 
spaced relation to the pa^ge outlets and Figtire 1; 
35 side portions extendihg from the nose por- Figiire^ 3 is a section on :the line 3-3 of 
tion part way Oiily along the said grbbves; Fij^ihre 1, nbt lowing the leading edge . 
the side pbrtious being ih cohtact ^th and shroud, and 80 
rigidly secured to the lands.. Figiire 4 is a section on, the line 4-4 of 

Ih ti^e Of die tbtOr blade, the fluid fed Figiire 1 drawii to a larger scale. 
40 to thb pas^e fibws through the outlet into - tJ^ bladp sHdwh is a rotor blade for an 
the spabb between the outlets and the . nose aiti^-flow ^ tiiirbine. ...... 

portibti 5f the shfoild; then from this ^ace The blade comprises a inaiii portion 10 on ^ 
throu^ the grooves and from the groove m which the working fluid opmtes, a tip diroud 
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11 at its outer end, and a mounting root 12 
at its opposite end. The mounting root 12 
(Figure I) comprises a fir-tree portion 12a 
which engages a correspondingly shouldered 
5 slot in a rotor disc of the turbine (not shown), 
a platform 12^ adjacent the main portion 10, 
the platforms 12^ of a ring of such blades 
together forming an annular portion of the 
working fluid passage of the turbine, and a 
XU stem 12c which is circumferentially narrower 
than the outer end of the fir-tree portion 12a 
and the platform 12^> so that the mounting 
roots 12 of adjacent blades define a tunnel 
to convey coolant air to a recess 12d in the 
15 circumferentially facing surface ol the stem. 
A port 13 opens into the recess 12</ and 
connects the recess with an internal passage 
14 extending lengthwise throu^ the main 
Ijortion 10 adjacent the leading edge. Altema- 
20;uvely. as shown in chain lines in Figure 1, 
a port 15 may connect the recess 12d to a 

gassage 16 extending lengthwise through the 
iade adjacent its trailing edge and con- 
nected by a cross passage 17 to the outer end 
25 of i^ssage 14 which in this case may be 
blanked off at its inner end. 

The leading edge of the blade is machined 
away to form a series of lengthwise-extend- 
(Rgure 3) separated by pro- 
jections 19 and a series . of length-wise-spaced 
passage outlets 20 extend from the flats to 
the passage 14. 

The concave and convex surfaces 10a, 10b 
of the main portion 10 of the blade are 
33 formed each with a series of lengthwise- 
spaced grooves 21. The grooves 21 extend in 
the surfaces lOa, 10b from the flats 18, in a 
generally chordwise direction part way to- 
wards the traiUng edge of the blade and the 
w grooves 21 are separated by lands 22 and the 
projecUons 19 are in effect continuations 
around the leading edge of some of the lands 
22. The ouUcts 20 are level with those lands 
22 not assodated with projections 19. 
45 The blade also comprises a sheet metal 
shroud 23 extending along the grooved 
portion of the leading edge of the main por- 
tion 10 of blade. The shroud comprises 
a nose portion 23^ which is curved to give 
50 the blade a good aerodynamic form and to 
seat on the projections 19. and a pair of side 
portions 23^ overlying the grooves 21 but 
extending in a direction towards the trailing 
edge only part way along the length of the 
35 grooves. The shroud 23 is in contact with the 
lands 22 and is secured in position by being 
brazed to the lands 22 (Figure 4). Also the 
side portions 23b are slightly corrugated 
(Figure 4) so as to fit snugly on tthe lands 22 
60 and to projea slightly into the grooves 21. 
Tn use coolant air flows into the passage 
14 from the root end of the blade and then 
flows through the outlets 20 into the spaces 
between the nose portion 23a of the leading 
65 edge shroud and the flats 18. The air then 



flows rearwardly in the grooves 21 towards 
the trailing edge of the blade and on leaving 
the grooves flows as a thin film over the 
portions of the blade surfaces 10a, 10b, ex- 
tending between the grooves 21 and the trail- 70 
ing edge of the blade. In this way effective 
cooling of the blade is obtained. 

If desired, additional passage outlets 
corresponding to outlets 20. can be provided 
between the trailing edge of the blade and 75 
passage 16 to provide film cooling of the 
trailing edge of the blade, 
WHAT WE CLAIM IS :— 
1. A rotor blade for a fluid machine com- 
prising a main portion which in use projects 80 
into the working fluid stream of the fluid 
machine, and a shroud along the leading 
edge of the main portion, the main portion 
having an internal lengthwise passage to 
which a fluid is fed in use of the blade, and 85 
having in each of its surfaces which extend 
from the leading edge to the trailing edge, 
a naultiphcity of lengthwise-spaced grooves, 
each ^oove extendmg generally chordwise 
from the leading edge part way towards the 90 
trmhng edge and bemg separated from each 
adjacent groove by a land of metal, and the 
main portion further having outlets from the 
mtenial passage opening at the leading edge 
of the mam portion, and the shroud com- 95 
pnsing a nose portion extending around the 
leading edge of the naain portion in spaced 
relation to the passage outlets and side por- 
tions extendmg from the hose portion part 
way only along the said grooves, the side 100 
portions bemg in contact with and rieidlv 
secured to the lands. 

2. A rotor blade as claimed in claim 1 
wherein some of the lands between the 
grooves are continuous around the leading 105 
edge to provide locating projections for the 
nose portion of the shroud. 

^3. A rotor blade as clauned in claim 2 
wherein the passage outiets open at the lead- 
mg edge in flats extending lengthwise be- 110 
tween the projections. 

4. A rotor blade as claimed in claim 2 
or claim 3 wherein the passage outlets open 
at the leading edge level with lands which 
are not contmuous around the leading edge. 115 

5. A rotor blade as claimed in any of 
claims 1 to 4. having a root mounting at 
one end wherem the internal lengthwise 
passage extends in the maiii portion of the 
blade adjacent the leading edge, the passage 
being connected with an inlet port in a sw*- 
face of the root mounting. 

6. A rotor blade as claimed in claim 
5, comprising a further lengthwise passage 
extending m the main portion adjacent the 123 
traihng edge and connected with the first 
said passage at its end remote from the root 
mounting, the further passage having an in- 
let port in a surface of the root mounting 
and the first said passage at its end adjacent 130 
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the root mounting either being op^ to a port 
in a surface of Uie root mountmg or being 
blanked off. 
, 7. A rotOT blade as claimed in claim 6, 
5' wherein outlets are provided from the further 
passage to the traihng edge of the main por- 
tion in a manner to give fihn cooling of the 
trailing edge. 

8. A rotor blade as claimed in any of 
10 claims 1 to 7 wherein the side portions oC 

the shroud ate slighUy corrugated so as to 
fit snugly on the lands and to prefect slightly 
into the grooves. 

9. A rotor blade for a fluid machine sub- 
15 stantially as hereinbefore described with 



reference to and as illustrated in the drawings 
accompanying the Provisional Specification. 

- 10. A fiuid machine having a rotor com- 
prising a ring of blades as claimed in any 
preceding* claim* the machine being adapted 20 
to permit a flow of a fluid to passages in 
the blades. 

11. A fluid ibsichine as claimed in claim 
10 whorein the rotor is a turbine rotor and 
the fluid flowing in the passages is a coolant. 25 

BOULT. WADE & TENNANT. 
Ill & 112. Hatton Garden. 

London. E.Cl.. 
Chartered Patent Agents. 



PROVISIONAL. SPECIFICATION 



Improvements in or relating to Rotor Blading of Fluid Machines, for example, 
of Compressors and Turbines of Gas Turbine Engines 



We, Roixs-ROYCB LiMrrED, a British 
Company, of .Nightingale Road, Derby, in 
the County of Derby, do hereby declare this 
invention to be described in the following 

'30 statement: — 

. This invention comprises improvements in 
or relating to rotor blading of fluid machines^ 
for example of turbines or comfwessors such 
as are employed in gas turbine engines. 

35 According to the present invention, a rotor 
blade for a fluid machine comprises a main 
portion which in use projects into the work- 
mg fluid stream of the machbe, and a shroud 
along the leading edge of the main portion, 

40 the main portion having aii internal length- 
wise passage to which a fluid is fed in use 
^ <^ the blade, and having in each of its sur- 
faces which, extend from the leading edge ^ 
to the trailing edge, a multiplicity of length- 

■45 wise-spaced grooves, each groove extending 
generally chordwise from the leading edge 
part way towards the trailing edge and bdng 
separated from each adjacent groove by a 
land of metal, and the main portion fur&er 

50 having outlets from the passage opening at 
leading edge of the main porticm* and the 
shroud comprising a nose portion extending 
around the leading edge of the main {xmion 
in spaced relation to the outlets and side 

55 portions extending from the nose portion 
part way only along the grooves, the side 
portions berag in contact with and rigidly 
secured to the lands. 
In use of the rotor blade, the fluid fed to 

^0 the passage flows tbrou^ the outlets into 
the space between the outlets and the nose 
portion of the shroud, then from this space 
through the grooves and from the grooves 
in the form of a film over the portlcms of 

65 the surfaces between grooves and the trail- 
ing edge of the main portion. 

The rotor blade of this invention has an 
important use in turbine rotors of gas tur- 
bine engines, in which a coolant for the blade 

70 is fed to the passage therein. 

According to a prefened feature of this 



invention, scnne of the lands between the 
grooves are continuous around the leading 
edge to provide locating projections for the 
nose portion of the shroud, and the outlets 75 
open at the leading edge in flats extending 
lengthwise between the projections. 

According to another preferred feature of 
the invention, the side portions of the shroud 
are'slightly corrugated so as to fit snugly on 80 
the lands and. to project slightly ! into the 
grooves. 

This inventim also comprises a fluid 
machine for example an axial-flow turbine 
having a rotor comprising a ring of blades 85 
as above set taiuu the machine being 
adapted to pmnit a flow of a fluid to the 
.passages in the blades, for instance a flow 
of a coolant in the case of turbine rotor. 

One construction of blade according to 90 
this inventi<xi will now be desoibed with 
reference to the accompanying drawings in 

which — 

Figure 1 is a side elevation of the blade. 

Figures 2 and 3 are sections on the lines 95 
2-2 and 3-3 respectively of Figure 1, and 

Figure 4 is a section on the line 4-4 of 
Figure 1 drawn to a larger scale. 

The blade shown is a rotor blade for an 
axial-flow gas turbine. lOO 

The blade comprises a main portion 10 
on which the working fluid operates, a tip 
shroud 11 at its outer end, and a mounting 
root 12 at its opposite end. The mounting 
root 12 (Figure 1) comprises a fir-tree por- 105 
tion 12a which engages a correspondingly 
shouldered slot in a rotor disc the turbine,. 
a platform 122^ adjacent the main portion 
10, the platforms 12b of a ring of such 
blades together form an annular portion 110 
the working fluid passage of the turbine, and 
a stem 12c which is drcumferentially 
narrower than the outer end of the fir-tree 
portion and the platform so that the mount- 
ing roots 12 of adjacent blades define a 115 
tunnel to convey coolant ah: to a recess 12d 
in the drcumferentially fadng sur&ce of the 



846383 



stem. A port 13 opens into tfie recess 12d 
and connect^ tbe recess with a passage 14 
exteiidiiig lengthwise thrdii^ the main voi- 
tiba .10 adjacent the leaduig edge. Altema- 
3 tively a port 15^ niay .connect the recess I2d 
to a pissagfc 1*6 extending lengthwise through 
the blade adjacent its trailing edge and cbn- 
pcQtisd.b^ a,crds^ passage 17. to tKe oiiter 
4h f/^^ ^ssage 14 which in this case inaV 
10 be blaiilced off it its inner end 

The leading edge of the blade is machmcd 
away to fdnii a series of iSats 18 (^gures 1, 
2 and 3) separated by projections 19 and a 
senes of lengthwise spaced outlet holes 20 
15 extend frdin the fliats to the passage 14. 

The concave and convex surfaces lOai 10b 
o|..thp. main portion 10 of the blade are 
formed each with a series of ^ooVes 21. The 
pooves 21 extfeiia Ih the surfaces lOa, 10b 
20 from the flats 18, in a generally chordwise 
orxf^im psiTt way towards die trailing edge 
of the blade .arid the grooves 21 are separated 
by Iaiids.22 aii'd the pfojecfions 19 are in 
effect continuations around.lhe leading edge 
25 of some of the lands 22. The holes 20 are 
level with those laiids ndt associated with 
projectibiis 19. 

^ The blade also comprises a sheet metal 
an 23 extending along the ^ooved por- 

30 tion of diejeading edge of the mam portion 
or the blade. The shroud comprises a nose 
portion 23a which is curved to give the blade 
a good aerodynamic fqnn arid to seat on the 



projections 19, and a pair of side portions 
23d overlying the grooves 21 but extending 35 
in a direction towards the trailing edge only 
Pjrt way. along the length of the grooves. 
The shroud 23 is in contact with the lands 
22 and is. secured in position by being btazed 
to the lands 22 (Figure 4). Also the side 40 
portions 23fr. are sli^tly corrugated (Figure 
4) so as ,to fit snugly on the lands 22 and 
to project slightly into the grooves 21. 

.In use, coolant air flows into the passage 
14 from the root end of the blade and then 45 
flpiys through the outlets 20 into the spaces 
between the nose portion 23a of the leading 
edge shroud and the flats 18. The air then 
flows rearwardly in the grooves 22 towards 
the trailmg edge of the blade and on leaving 50 
the grooves flows as a diiii fihh bver the 
portion of the blade surfaces iOa, 10b ex- 
tending between the grooves 21 and the 
trailing edge of the blade. In this way effective 
cdbhiig bf tfife takde is ofetamed. 55 
^. If 4^ed additiprial holes, .cbrrespbndmg 
to ndihs 20 c^ii be i>r6vided between the 
trailing edge of the blade and passage 16 to 
provide, fihii cb&liiig of the trailing edge of 
the bMde. 5Q 

BOULT, WADE & TENNANT. 
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London, E.CL 
Chartered Patent Agents. 



